Abstract. We present a list of 130 Galactic Open Clusters, found in the All-Sky Compiled Catalogue of 2.5 Million Stars (ASCC-2.5). For these clusters we determined a homogeneous set of astrophysical parameters such as size, membership, motion, distance and age. In a previous work, 520 already-known open clusters out of a sample of 1700 clusters from the literature were confirmed in the ASCC-2.5 using independent, objective methods. Using these methods the whole sky was systematically screened for new clusters. The newly detected clusters show the same distribution over the sky as the known ones. It is found that without the a priori knowledge about existing clusters our search lead to clusters which are, on average, brighter, have more members and cover larger angular radii than the 520 previously-known ones.
Introduction
For many years the major sources of open cluster lists were based on visual inspection of photographic plates. The presentday highly homogeneous and accurate all-sky surveys like the Hipparcos and Tycho catalogues (ESA 1997) , or the 2MASS near-IR survey (Cutri et al. 2003) gave new impetus to a systematic search for new clusters. Platais et al. (1998) profited from the use of Hipparcos proper motions and parallaxes and detected six nearby associations and nine candidate open clusters. Using the photometric and kinematical data of the Tycho-2 catalogue (Høg et al. 2000) , Alessi et al. (2003) detected 11 new clusters and determined their ages, geometric and kinematical parameters. Dutra et al. (2003) and Bica et al. (2003) searched the 2MASS for compact embedded clusters in the direction of known nebulae. The visual inspection of J, H, K s images lead to the discovery of 346 infrared clusters, stellar groups and candidates all over the Milky Way. All new optical clusters and candidates are listed in a catalogue by Tables 2 and 3 are only available in electronic form at http://www.edpsciences.org
The complete set of data files for all 130 clusters is only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/440/403 Dias et al. (2002) . These authors also maintain an online list of catalogues (DLAM hereafter) 1 , which is updated at regular intervals.
Our work is based on a catalogue of 2.5 million stars with proper motions in the Hipparcos system and B, V magnitudes in the Johnson photometric system, spectral types (ASCC-2.5; Kharchenko 2001 ) and radial velocities, if available in the Catalogue of radial velocities of galactic stars with high precision astrometric data (Kharchenko et al. 2004a ). The ASCC-2.5 can be retrieved from the CDS 2 ; a detailed description of the catalogue can be found in Kharchenko (2001) or in the corresponding ReadMe file at the CDS. In a previous paper (Kharchenko et al. 2004b , hereafter Paper I), we used the ASCC-2.5 to identify known open clusters and compact associations, and developed an iterative pipeline for the construction of cluster membership based on combined spatial/kinematical/photometric criteria. For 520 known clusters a uniform set of structural (location, size), kinematical (proper motions and radial velocities) and evolutionary (age) parameters was derived (Kharchenko et al. 2005 , referred hereafter as Paper II). The results encouraged us to start a search for new clusters in the ASCC-2.5. Fig. 1 . Distribution of the COCD clusters over magnitude of the brightest star among the most probable cluster members a), over number of most probable members in a cluster b), over angular radius of a cluster c). The hatched histograms in b) and c) are for core radii, whereas the filled histograms are related to corona radii. For convenience, long tails in the distributions in b) and c) are truncated.
The present paper describes this systematic search for new open clusters. During this search for new clusters in the catalogue ASCC-2.5, we discovered 130 clusters. 21 of them are listed in the online list DLAM as private communications. This paper is the first presentation of these 21 clusters in a refereed publication. Instead of a visual inspection of sky surveys, we implement a multi-factor search pipeline, which is based on the analysis of properties of known clusters already identified in the ASCC-2.5. As a result we could increase our sample of clusters present in the ASCC-2.5 by about 20%, determine memberships and derive a uniform set of basic astrophysical parameters in the same way as for the 520 previously known clusters.
The paper has the following structure. In Sect. 2 we discuss the properties of known clusters identified in the ASCC-2.5. These properties give us useful hints for the search of new clusters. In Sect. 3 we present details of the search procedure applied. In Sect. 4 we describe the sample of the newly discovered clusters and compare their properties with those of known clusters already identified in the ASCC-2.5. In Sect. 5 we summarise the results.
Properties of known open clusters identified in the ASCC-2.5
For each star, the ASCC-2.5 gives the equatorial coordinates, proper motions, B, and V magnitudes. Only for a minority of them are spectral and luminosity classes and radial velocities also known. Therefore, starting from the data content of the ASCC-2.5, we suggest and adopt the following strategy for searching for new open clusters. This strategy is based on a clustering analysis in the multi-dimensional space of equatorial coordinates and proper motions with a follow-up check of colour-magnitude distributions of the candidates. Since the completeness and especially the accuracy of the ASCC-2.5 data show a strong dependence on stellar magnitude, a straightforward search routine must take these correlations into account. Furthermore, a successful approach requires a set of starting parameters that are related to typical properties of the given survey (e.g. mean surface density of stars, the limiting magnitude, wavelength range). The choice of starting parameters should yield a reasonable relation between the number of cluster candidates selected at the beginning and the number of real clusters confirmed at the end.
In this work we made use of the experience obtained from the identification of known open clusters in the ASCC-2.5. In that study we could find 520 of some 1700 known clusters (Paper I), and we derived cluster parameters such as sizes, distances, ages and space velocities (Paper II). The resulting parameters and supplementa information on these clusters were gathered in the Catalogue of Open Cluster Data (COCD) supplemented by the Open Cluster Diagrams Atlas (OCDA). The main reason that "only" 30% of known open clusters were confirmed with the ASCC-2.5 data is the relatively bright limiting magnitude (V lim ≈ 12) of the catalogue. Also, a number of clusters from the 1700 known ones did not pass at least one of the criteria based on spatial, kinematical or photometric (B, V) data. Considering the distribution of appropriate parameters of the confirmed clusters, we can define selection criteria that will help to improve the chance of detecting new clusters in the ASCC-2.5. This approach also gives a statistical basis for the strategy of searching.
The evident selection parameters among the number of cluster properties are those related to the population and structure of a cluster as an enhanced density of brighter stars following a cluster main sequence. These properties can be translated to lower level descriptors like the number of bright cluster members located within a specified area around the cluster centre.
In Fig. 1 the distributions of 520 clusters from the COCD (see Paper II) are shown as functions of three relevant cluster parameters: the magnitude of the brightest star among the most probable cluster members, the number of the most probable members in a cluster and the angular size of a cluster. The most probable members are defined in Paper I as stars for which the individual proper motions, magnitudes, and colours deviate from the mean proper motion and the "isochrone" of the cluster by less than one σ rms ("1σ-members" i.e., stars with membership probabilities P ≥ 61%). From Fig. 1 we may conclude that a typical cluster from the COCD has more than seven 1σ-members with at least one star brighter than V = 9. Inner cluster regions have a higher stellar surface density; they are called cores in Paper II and typically include five 1σ-members.
Although for a few clusters in the COCD, the core and corona radii reach sizes of 3 and 6 degrees, respectively, for the vast majority (70−80%) of the clusters the members are concentrated within 0.15 deg (i.e. a typical core radius), but some members are found up to 0.30 deg (i.e. a typical corona radius) from the cluster centre.
Description of the search procedure
Our search procedure begins with the selection of "seeds", i.e. bright stars with magnitudes V ≤V s whereV s is the adopted limiting magnitude. At this step, we consider each seed as if it were the most probable kinematical member in the centre of a cluster. Then, we select all ASCC-2.5 stars located at distances less than the adopted cluster radiusr s . The derived sample is checked for a clustering in the multi-dimensional space of coordinates and proper motions. If a clustering is revealed, we apply our general pipeline of selecting cluster members in a celestial field and determine cluster parameters as described in Papers I and II. The pipeline is run twice. For candidates of clusters, the first run provides initial estimates of geometric parameters and distances from the Sun. Also, it removes those candidates for which we are not able to derive these parameters (e.g. due to false clustering, or a lack of necessary data). The second run removes co-moving (non-member) stars and provides the final list of cluster members as well as the complete set of cluster parameters. The crucial point of the search strategy is the selection of the threshold parameters which provide optimum starting conditions for a decision of whether or not a real clustering exists. A common proper motion differing significantly from the field would be a good criterion. In general, we should assume that unknown clusters would have relatively small proper motions (otherwise, they would already have been found). By increasingV s andr s , we would find more cluster candidates, but the number of clusters confirmed at the end would grow slowly and finally stop. From preliminary tests we found that a reasonable "cost-to-performance relation" can be achieved with threshold parameters based on the statistics given in Sect. 2.
The search procedure uses the descriptors and their thresholds as listed in Table 1 . The quantityr s is the maximum search radius (analogous to the cluster radius). In order to take into account the expected negative gradient of stellar density in a cluster, we introduce a core radiusr c . The minimum numbers of members within the cluster area and core are calledn s andn c , respectively. The proper motions of members must follow the proper motion of the corresponding seed (i.e. analogous to 1σ-members).
The detailed procedure for searching for new clusters consists of the following steps:
1. Selection of seed stars. All ASCC-2.5 stars with V <V s and B − V < 2 mag which are not 1σ-members of known clusters are considered as seeds. Altogether, about 221 000 stars have been selected for further tests. 2. Construction of cluster candidates. In a circle centred on a seed with radiusr s , we select all ASCC-2.5 stars whose proper motions are known with a mean error ε pm < 10 mas/yr. Following the definitions in Paper I and assuming the corresponding seed star "s" to be a cluster member and its proper motion µ s x , µ s y to represent the mean cluster proper motion, we compute the kinematical probability P s i of the cluster membership for each star "i" in the circle as
here µ x and µ y correspond to µ α cos δ and µ δ , respectively. δε is a correction for external errors of the proper motions in the ASCC-2.5 (see Paper I). A sub-sample of stars with P s i > 61% ("1σ-members") is separated. If this sub-sample consists of n s n s stars with at leastn c stars within the inner circle of a radiusr c , we include this area in the following tests. After this second step we obtained 4767 sky fields containing cluster candidates. Some of them are overlapping areas.
Elimination of overlapping areas. If neighbouring cluster
candidates have several stars in common, only those with the largest numbern s have been considered. Cases of double and triple overlaps were treated automatically, whereas a few cases of quadruple overlapping were treated manually. After this step only 2472 candidate areas were retained for the next step. 4. Preliminary selection of cluster members and determination of cluster parameters. This step and the following step 5 are based on the pipeline developed in Papers I and II for member selection and determination of cluster parameters. Now we consider a larger sky region of 2 × 2 square degrees around each remaining seed star. Additionally to the nominal kinematical selection, we carry out a simplified photometric selection, which removes stars located below the Main Sequence. Thus, at this stage, we possibly keep some red field stars which, by chance, show the same proper motions as a given cluster candidate. As expected, the vast majority of cluster candidates does not show any Main Sequence and was excluded from further considerations. We are also forced to remove those cluster candidates that do not contain at least one "kinematical and photometric member" with known spectral classification. In the current study, the spectral classification is the only information given in the ASCC-2.5 that can be used to derive estimates of distance and color excess. In a few cases, significant parallaxes (from Hipparcos) were available for the brightest probable cluster members. These parallaxes were used to check the derived distances.
After this step, our list includes 308 cluster candidates with preliminary determined cluster memberships and with a number of preliminary cluster parameters such as the position of the cluster's centre, distance, and average proper motion.
Final determination of membership and cluster parameters.
At this stage, the standard pipeline is applied with complete kinematical and photometric selection. After several iterations for each cluster, co-moving red stars are excluded and the final cluster membership is established. The complete set of cluster parameters including the cluster age is derived. If cluster members are present in the ASCC-2.5 subsample of stars with radial velocities (Kharchenko et al. 2004a) , the mean radial velocity of the cluster is computed. blue and red images. The size of an image around a given cluster was selected according to the determined cluster corona radius with a minimum size of 30 × 30 arcmin 2 , and up to 180 × 180 arcmin 2 for the largest clusters. The results of the visual inspection of the fields with new clusters are included in the notes to the extension of the OCDA. For about 30 cluster areas the notes are with respect to the presence of nebulae and/or varying surface density of faint stars, which could not yet been mentioned in the ASCC-2.5 sky maps.
Results of the search and comparison with properties of known clusters
We present the 130 new clusters in Tables 2 and 3 5 . Among them we found 21 in the 15/Feb./2004-update of DLAM (see Table 3 ). They were not included in the COCD with its 520 clusters, because the COCD had already been finished before this update became available. In DLAM only cluster centres and angular sizes are given for these 21 clusters, which were privately communicated to the authors of the data base. We detected these clusters, however, without using DLAM data as preliminary input and determined astrophysical parameters for them. Therefore, we consider them as independently confirmed. The celestial positions of these 21 confirmed clusters are given in Table 3 . On the other hand, about a dozen of the new clusters (also privately communicated) in that update of DLAM could not be confirmed in our work.
At the moment of submission of this paper, we did not find any published information on the other 109 clusters. Therefore, we consider them as unknown clusters to date. They are listed in Table 2 .
The current data refer to 130 sky areas and have the same content and format as the CSOCA described in Paper I. This file, which we call "The 1st Extension of CSOCA", includes 26 778 stars, with 10 161 of them located within the determined cluster radii. According to the combined spatial/kinematical/photometric criteria, 6203 stars are classified as cluster members and 2127 out of them as 1σ-members. For all these clusters, a homogeneous set of basic astrophysical parameters is derived and the corresponding cluster diagrams are prepared. Again, the data are presented in the same way as for the 520 known clusters (see Paper II) and called "The 1st Extension of the COCD" and "The 1st Extension of the OCDA", respectively. An example of a page in the Extension Atlas is shown in Fig. 2 for the open cluster ASCC 13. The complete set of data files, extending the CSOCA, COCD and OCDA, is available in electronic form only via the CDS 6 . In Fig. 3 we compare two cluster samples retrieved from the ASCC-2.5. One can see that new clusters show the same distribution over the sky as the already known objects (Fig. 3a) . Also, we may conclude that the applied search strategy probably puts some limitation on the detection of new clusters: the clusters from the COCD Extension are, on average, brighter (Fig. 3b) , they have more members (Fig. 3c) , and they cover larger areas (Fig. 3d) than the known clusters from the main COCD catalogue. Whereas one new cluster is found at a distance of 5 kpc, the bulk is located within 1 kpc from the Sun. The range of ages is comparable for both samples, although a higher fraction of young (log t ≈ 7) clusters is observed in the COCD Extension.
Summary and outlook
Starting from 221 000 stars in ASCC-2.5 which have passed the test for seeds of possible open clusters, we applied our search procedure based on spatial, kinematical and photometric criteria, and at the end of the study, we found 130 new open clusters. For each of these clusters a complete set of relevant parameters (memberships, locations, sizes, distances, ages, proper motions, and -for 69 clusters -radial velocities) was derived. It seems to be a paradox, but we now have more basic information on these new clusters than on many others already reported as known clusters for a long time. In our search for new clusters we profited from all-sky astrometric and photometric surveys which became available in recent years. In Papers I and II we used the ASCC-2.5 to identify known open clusters, to redefine (or to confirm) the membership, and to derive a uniform set of astrophysical parameters for these clusters. The preliminary information already published for these clusters was very helpful for this study, too. In our search for new clusters, however, without any a priori information, we needed at first clear criteria to decide whether an apparent clustering was indeed a real physical open cluster.
Comparing the histograms in Figs. 3b,c for the clusters from the COCD and from the COCD Extension, we can con- clude that the newly discovered clusters are, on average, more prominent objects. There is possibly a potential to find poorer clusters in the ASCC-2.5 by diminishing the threshold values in Table 1 . In this case, we must take into account a considerable increase of candidates with a lower success rate for a final confirmation as undoubted clusters.
Assuming a similar distribution of V b and n(1σ) for the known and for the new clusters, we suspect from (Figs. 3b,c) that the ASCC-2.5 should contain stars belonging to about 100 more still unknown open clusters. But without accurate data at faint magnitudes, without any knowledge of their distances, it will be difficult to confirm them. We were already forced to reject a number of "good" candidates in step 4 of the search procedure due to the lack of spectral classification. Therefore, a more successful approach has to wait until more accurate data at fainter magnitudes is available.
Note added in proof:
Eric Mamajek (private communication) draw our attention to the fact that ASCC-16 was previously mentioned as a clustering of stars by Briceño et al. (2005) . Table 2 . List of 109 newly-discovered clusters (cluster coordinates α c in hours, δ c in degrees, respectively for J2000). The cluster radii r cl (in degrees) are also given. Note that the complete set of cluster parameters is available only in electronic form via the CDS (see Sect. 4). Table 3 . List of 21 confirmed clusters (cluster coordinates α c in hours, δ c in degrees, respectively for J2000). Cluster radii r cl are in degrees. Previous names and radii of the cluster candidates (i.e. the only parameters which were provided by DLAM) are given in brackets. Note that the full astrophysical parameter set determined in the present paper is only available in electronic form via the CDS (see text). 
